-wé University of
Y BRISTOL

Mechanism Feasibility Design Task

Dr. James Gopsill

Eeecstlgpegi Manufacture 2 — Mechanism Feasibility Design 1 briSJ[OI.aC | Uk



Elic University of

BRISTOL
Contents
1. Teaching Aims
2. Multi-Bar Mechanisms
3. Feasibility Design
4. Exercise
5. Design Process
6. Previous Years
7. Timeline & Resources
8. Skills Applied
9. After Reading Week Prep

Esstlgrne% Manufacture 2 — Mechanism Feasibility Design 5 bﬂSJ[OI.aC . Uk



A Universicy of Feasibilty Design
BRISTOL skills Applied 2017

Teaching Aims

Provide awareness of mechanisms and their applications

2. Further practice design thinking, rationale capture and build on
the feedback from the previous coursework

3. Apply system modelling tools to preliminary design scenarios
To generate a feasible mechanism design for the design task

5. Practice your theoretical engineering knowledge in an
unconstrained and unfamiliar environment
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Multi-Bar Mechanisms are often used to:

* Translate motions & forces

* Improve the performance of a product
* Simplify the control system of a product
* Increase the efficiency of a product

* Deploy a product
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Translation of Motion &
Force

* Piston
* Window Hinge
* Windscreen Wipers

* Locking Pliers/Vice Grips

* Provide a Mechanical
Advantage
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* Widely used in suspension
design

e Double wishbone

* Enables camber control as
a car rolls (positive camber

gain)
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* Level-luffing cranes

* Maintain a steady
platform

https:/www.youtube.com/watch?v=Qhis3 12 _-0
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Deploying a Product

e Scissor Jacks

e Convertible Roofs

e Satellite Solar
Panels
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https://www.youtube.com/watch?v=PG2Xv2ivZZU
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* Modelling
chewing

_T;‘
e Develop Capsules ?< J
for Drug Delivery .

L]
. S p h e rI Ca I (a) Loci of motion for offsets (default geometry)) (b) Loci of mation for offsets (100% inc: in driver length)
L]
\
I N ~ " \
e
e -
/ /
() Loci of motion for offsets (10% increase in coupler () Loci of motion for offsets (40% increase in coupler
lengths) lengths))
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Feasibility Design

1. Develop your
specification

2. Generate concepts

3. Concept selection

4. Preliminary layout &

design

Lecture 1

Information: adapt the specification

Clarifying the task
Elaborate the specification

v
Specification

Identify essential problems

Establish function structures

Search for solution principles

Combine and firm up into concept variants
Evaluate against technical and economic criteria

v
Concept

Develop preliminary layouts and form designs
Select best preliminary layouts
Refine and evaluate against technical and economic criteria

v

| Preliminary Layout |—>

¢‘

Optimise and complete form designs
Check for errors and cost effectiveness
Prepare preliminary parts list and production documents

v

| Definitive Layout l—>

Finalise details
Compare detail drawings and production documents

Check all documents

| Documentation l(—

Pahl, G. and Beitz, W., 2013. Engineering design: a !
systematic approach. Springer Science & Business Media. | Solution |
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Upgrade and Improve

the Task

|<—Detail Design —>|<— Embodiment Design ——— |<—C0nceptual Design _,I Clarifcation of |4_

<«——— Optimisation of the Principle ——

<«—— Optimisation of layout and forms ——m8 —»
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Exercise

To design a
mechanism to
deploy and retract a
car convertible roof
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Exercise

|
. 1,135 ! 662 |
(b) | " g
- - | |
| | (a)
441 | 350 |
= —
— e
Notes
All dimensions in mm
(a) - Ideal position where the deployment mechanism can be connected to the vehicle
(b) - Windscreen connection point
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Design Process

Product Design Specification

No. | Requirement | Must/Wish | Method of Assessment | Success Criteria | Will be assessed
during the feasibility
stage
1
2
3
Design & Manufacture 2 — Mechanism Feasibility Design 14 briSJ[OLaC . Uk
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Design Process

— connector-e

— connector-f
400+ — connector-g
—— connector-h
Product Design Specification R
[V S
Concept Design
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Design Process Flola [ [o]®
Criteria Con;: ept Con;: ept Con;: ept Con;: ept Con;: ept Cong ept
Ease of Wse + + - - s
Product Design Specification Avsthetic sppeal + +
Manuafactura iy + + - + +
Concept Design Low weight ) R .
Concept Selection ey e § ' ' )
Safely + = +
E 3 5 2 2 4
= 2 1 3 4 1
= 1 0 1 0 1
Mot Score 0 T 4 -7 -2 ]
Rank 4 3 7 5 6 2
Coutinue or combine ? Combine | Combine Yes No Mo Yes
Controlled Convergence
Andy Greener 15 Year Notes
Design & Manufacture 2 — Mechanism Feasibility Design 16 bﬂSJ[Ol.aC . Uk
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D . P No. | Requirement | Must/Wish | Method of Success Will be assessed during
e S I g n ro Ce SS Assessment | Criteria the feasibility stage

Product Design Specification

Concept Design

Concept Selection

Stage-Gate

L T'LLLQ?.%

Product Design Specification &
Linkage Concept Design
Submission (5%, pass/fail)
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Design Process

L,.\. éﬁ.\‘

ene
Fie Edn View Display Disgram Semulatien Ansysis Code Tocls Hob

Product Design Specification

Concept Design ?-u e PO me4®b - E- v e Bloa-
Concept Selection
Stage-Gate
Deployment Modelling

15t Year & A-Level Engineering Maths
Equations of Motion, Torque, Gravity, Gear Ratios & Motor Power
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Design Process

Product Design Specification

Concept Design

Concept Selection e
1
Stage-Gate £
Deployment Modelling

— 950.0

Motor, Gear Ratio & Damping Selection

Speed (rads ~ 1)
-
=l

o
n

Design & Manufacture 2 — Mechanism Feasibility Design
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[] ﬁﬁm . —_
Design Process © fs = Flana
200 -
100, ,,f"’ o 11T
=== = 2T
s 8 =
= 30 —
5 2 = — Fo =—
5 Ul AT LM LT LL—T7 d
Product Design Specification ; S e
: Gear Stage 1 2 3 4 5
. ; -1 | “Pinion Torque (Nm) 0.15 058 221 849 326l
T
Concept Design T s Pinion Speed (revmin™) ~ 2000.00 50000 12500 3125 78]
400 Module 100 100 125 200 250
200 Pinion Teeth 1800 18.00 1800 1800  18.00
; T Pinion PCD (mm) 1800 1800 2250 3600 4500
Concept Selection gm% | Finion PCD. B00 1800 2250 3600 45.00
= = Wheel PCD (
St G t g ::’/ Velocity Ratio
age-Ggate & "I TF Wheel Speed (
g 10 —— ﬁ Wheel Torque
Combined Vel
Deployment Modelling = Ffciency
Pinion Forces

Motor, Gear Ratio & Damping Selection

Resnltant Forel

Gearbox Design

www.pelicanparts.com
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Design Process

» Stage-gate submission (5%, pass/fail)

» Design Report (LaTeX Template provided)
« Title page
* Introduction (1 page)
* Product Design Specification (1 page, 10%)
+ Concept Design & Selection (2 pages, 10%)
* Deployment Modelling (3 pages, 15%)
* Motor, Gear Ratio & Damping Selection (3 pages, 15%)
* Gearbox Design (3 pages, 15%)
» Solution Specification (1 page)
* Conclusion & References (1 page)

Product Design Specification
Concept Design
Concept Selection

Stage-Gate

Deployment Modelling

* A3 Print Out of Simulink Model (10%)

Motor, Gear Ratio & Damping Selecti -
SR RS . A3 Assembly Drawing of the Gearbox (10%)

Gearbox Design
Additional Notes:

* 10% of the mark is awarded to the quality of the report writing

Submission _ - 1€
» The reference list may go beyond the 15 page limit
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Previous -

Years

Edge would feature

change in height so two Threaded Bracket to
halves naturally 'slot’ attach to Upper Half
together

Gears

Shafts

Bearings
Inner support with
bearings

Gearbox Housing
(Lower Half)

a
s

Maximum Motor

* Power
@
b+
40
2
§
& 30
= - 15
£ H
2. £ —mn
H ——500ratio
]
05

0 1 2 3 a s 6 7
Deployment Time (seco

a
Deployment time (5]

https://www.youtube.com/watch?v=5yb7UNZG4nk
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Timeline

Academic Week | Date Time Type Content

Tuesday 24th January 2017 [9:00-13:00 Form groups, Exercise Familiarisation & Product Design Requirements
Tuesday 31st January 2017 |9:00-13:00 Reactions and Bending Moments
Tuesday 7th February 2017 |9:00-13:00 Bearing Selection

15 Friday 10th February 2017 Submission |Shear Force & Bending Moment Diagrams (Blackboard)

16 Tuesday 14th February 2017  [9:00-13:00 Tutorial Sprocket and Chain Selection

17 Tuesday 21st February 2017 |9:00-13:00 Tutorial Fixings

18 Reading Week

19 Monday 6th March 2017 Submission |Constrained Design Report Submission (Office and Blackboard)
19 Tuesday 7th March 2017 9:00-13:00 Tutorial Form pairs, Exercise Familiarisation & Product Design Specification
20 Tuesday 14th March 2017 9:00-13:00 Tutorial Concept Design & Selection

20 Friday 17th March 2017 Submission |PDS & Linkage Model of Selected Concept (Blackboard)

21 Tuesday 21st March 2017 9:00-13:00 Tutorial Deployment Modelling

22 |Tuesday 28th March 2017 9:00-13:00 Deployment Modelling and Motor & Gear Ratio Selection

Easter
Tuesday 25th April 2017 Gearbox Design

| 24 |Tuesday 2nd May 2017 9:00-13:00 Report Writing and Submission

14:00-15:00

Friday 5th May 2017 Submission |Feasibility Design Report Submission
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&« C | 8 Secure | https;//jamesgopsill.github.io/MechanismDesign/ T

I z e S O u rC e S Mechanism Design Teaching Aims Design Exercise Design Process Additional Information

Design & Manufacture 2
Mechanism Design
« https:/[jamesgopsill.github.io/
MechanismDesign/

Teaching Aims

° Y T b D f S H I H k Continuning on from the Shaft Design exercise, the Mechanism Design project looks to:
O u u e e m OS 0 r I m u I n * provide awareness of mechanisms and their applications

® further practice design thinking. rationale capture and build on the feedback from the previous coursework
* apply system modelling tools to in prelimarny design scenarios
® practice your theoretical engineering knowledge in an unconstrained and unfamiliar environment

) AI I N eW I h IS Ye ar ' This site provides the resources you will need to work through thise exercise, although it iz important to note that you are expected to do your own
N research to help you through the design problem.

To overcome this challenge, you will need to bring your engineering skill and knowledge that you have gained from all the modules you have completed

Engineering Design

Problem Definition Systems Modelling Selection Design

so far.
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Feedback

* 6 X 4 Hour Tutorial Sessions

« 8 Academic Staff Available to Answer Questions
« Shaft Design Report

« Stage-Gate

« Mechanism Design Report
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Engineering Knowledge & Skills

Engineering Design

Problem Definition Systems Modelling Selection Design

Concept Generation Kinematics Damping

Gears

Motors

Concept Selection

Eeecsggregi Manufacture 2 — Mechanism Feasibility Design 26 briSJ[OLaC | Uk



.Vé University of
Y BRISTOL

After Reading Week

* Pair Up!

e Familiarise yourself with the
exercise

* Initial research to build your
Product Design Specification
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